*Mycoplasma* (*M.*) *bovis* is known to cause pneumonia, otitis media, arthritis and mastitis. *M. bovis* has been isolated frequently from lungs of affected animals during respiratory disease outbreaks \[[@r2]\]. Field cases of respiratory disease caused by *M. bovis* infection are sometimes accompanied by arthritis. Outbreaks of otitis media in dairy calves have been largely attributed to *M. bovis* infection \[[@r22]\], however animals with *M. bovis* may not develop clinical signs or show evidence of disease. Although the mechanisms of *M. bovis* pathogenesis remain to be elucidated, this pathogen can induce a broad range of immunomodulatory events by directly and indirectly affecting leukocytes through the induction of cytokine secretion from multiple cell types \[[@r6]\].

In the lung of calves experimentally infected with *M. bovis*, immune cell activation resulted in expression of cytokines such as interleukin (IL)-4, IL-10 and interferon (IFN)-γ and tumor necrosis factor (TNF)-α capable of inducing lung lesions and hyperplasia of the bronchus-associated lymphoid tissues \[[@r16]\]. Another previous report indicated that increased TNF-α, IL-12p40, and IFN-γ mRNA expression in bovine peripheral blood mononuclear cells (PBMC) was induced with *M. bovis* stimulation *in vitro* \[[@r6]\]. Although changes of serum T cell cytokines such as IL-4 and IFN-γ were observed in experimental intra-tracheal infection of *M. bovis* of calves \[[@r4]\], the relationship between the outcome and T cell cytokines levels in clinical cases of mycoplasma infection is not known. In this study, we investigated the expression of cytokines by PBMC in the field calves with *M. bovis* infection of different outcome.

Seventy-eight Holstein calves in one farm were used in this investigation, and these calves were divided into three groups; the calves with *M. bovis* infection of poor outcome after treatment (Non-Recover Group, N=13), the calves with *M. bovis* infection recovered after treatment (Recovery Group; N=51), and clinically healthy *M. bovis* undetected calves (Control Group, N=14). In the Non-Recovery Group, there were 8 cases of arthritis and 5 cases of otitis. In the Recovery Group, there were 11 cases of arthritis and 40 cases of otitis. The abscess samples were collected from the affected areas for detection of *M. bovis*. All calves with clinical symptoms were treated by repeated cleaning of the affected areas with sterile saline (lesion of ears or joints) and injection of antibiotic drugs (new quinolone or macrolide antibiotics) every day, as general treatment. The treatment period differed with each calf. Blood samples were collected from the jugular vein of calves with infection on the day of the first medical treatment (First day) and the day of final treatment or euthanasia (Last day). Age on the first day and on the last day were 56.80 ± 2.25 (mean ± standard error of the mean (SE)) and 70.48 ± 2.50 in the Non-Recovery Group, and 57.69 ± 6.35 and 91.46 ± 10.56 in the Recovery Group, respectively. In the calves of the Control Group, blood sample was collected once from the jugular vein at 56.40 ± 7.15 days of age. Disappearance of symptoms such as fever, loss of appetite, ear drooping, or lameness was considered to be recovery from disease. Cases with exacerbation of symptoms were considered as having a poor outcome. The procedures used in the present study were performed in accordance with the principles and guideline for animal use set by the Animal Experiment and Care Committee of Rakuno Gakuen University, Ebetsu, Japan.

Blood samples were collected from the jugular vein into EDTA-2 potassium containing tubes for the analysis of cytokine mRNA expression of the peripheral blood mononuclear cells (PBMC), as well as counts of total white blood cells (WBC) and lymphocytes. Cell counts were determined by a blood cell counter (pocH-100iV Diff, Sysmex Co., Kobe, Japan).

In order for mRNA isolation and cDNA synthesis, SuperPrep cell lysis & RT kit for qPCR (TOYOBO, Ltd., Osaka, Japan) were used. 2 × 10^6^ cells of each sample were mixed with 50 *µl* of cell lysis mixture (including gDNA remover) and reacted for 5 min before adding the stop solution. Then 8 *µl* each of lysis mixture was added into 32 *µl* of reaction solution. cDNA was synthesized by using PCR. Real-time PCR was performed using THUNDERBIRD SYBR qPCR Mix (TOYOBO, Ltd.) on an ABI prism 7300 Sequence Detector (Applied Biosystems, Foster City, CA, USA). The following genes were selected for analysis: β-actin, mRNA expression of IL-2, IL-4, IL-12p40, IL-17A, IL-21, IFN-γ, IL-17 receptor (R) A, CCL3 and CCR5 in PBMC. Primers were designed using the publicly available web based Primer3 program and are listed in [Table 1](#tbl_001){ref-type="table"}Table 1.Primers used for real-time PCR expression analysisGeneAccession numberProduct lengthPrimer designationSequence (5′-3′)IL-2NM_180997.2113ForwardAACCTCAACTCCTGCCACAATReverseTCATTGTGTTCCCCGTAGAGCIL-4NM_173921117ForwardGCCCCAAAGAACACAACTGAReverseGAGATTCCTGTCAAGTCCGCIL-12p40NM_174356.1101ForwardCACCCCGCATTCCTACTTCTReverseTGACTTTGGCTGAGGTTTGGIL-17ANM_001008412.2138ForwardATCTCACAGCGAGCACAAGTReverseGTGGGATGATGACTCCTGCCIL-17RAXM_010827963.197ForwardTTCAGCAGCTGCCTCAACGReverseGGGGCGTATGGTCTTCATTGIL-21NM_198832.1144ForwardCAGCTCCAGAAGATGTAAAGAGACReverseTGGCAGGTAGTTTCCTCTTCAIFN-γNM_174086108ForwardTCAAATTCCGGTGGATGATCTReverseCTTCTCTTCCGCTTTCTGAGGCCL3NM_174511.2117ForwardCTGACGCTCAAGCCCACACTReverseCGCCAAATGGTGCCGAGAAGCCR5NM_001011672.290ForwardGGCTCCCTACAACATCGTCCReverseGCTTGGTCCAGCCTGTTAGAβ-actinNM_173979.376ForwardCCCAGATCATGTTCGAGACCReverseGAGGCATACAGGGACAGCAC. The Ct values define the threshold cycle of PCR, at which amplified products were detected. The final quantification of immune related molecule mRNA was carried out using the comparative CT (threshold cycle) method. This method was used after a validation experiment, which demonstrated that the efficiencies of the target and reference (β-actin) genes were approximately equal. The final quantification of immune related molecule mRNA was carried out using the comparative CT (threshold cycle) method as reported previously \[[@r13]\]. The calibrator samples used in this study were those with the lowest amount of mRNA for each gene of all the samples used for the respective mRNA.

The presence of *M. bovis* was detected as previously reported \[[@r8]\].

Statistical analysis for each parameter was performed using Tukey-Kramer test in order to determine the differences among the three groups for each parameter. The differences were considered significant at *P*\<0.05. Data were expressed as mean ± standard error. For all immune factors, multiple regression analysis was performed using "no-effect of treatment" as an objective variable in the calves with Mycoplasma infection.

[Table 2](#tbl_002){ref-type="table"}Table 2.Cytokine mRNA expression of peripheral blood mononuclear cells in three groupsParticleSampling dayUnfavorable groupFavorable group*P* valueControl group(N=13)(N=51)(N=14)IL-2First3.20 ± 0.233.24 ± 0.184.54 ± 0.46Last3.05 ± 0.312.86 ± 0.18IL-4First8.37 ± 0.488.24 ± 0.259.24 ± 0.57Last7.20 ± 0.758.52 ± 0.22IL-12p40First5.25 ± 0.554.27 ± 0.265.21 ± 0.42Last5.94 ± 0.594.60 ± 0.22IL-17AFirst8.86 ± 0.79 ^a)^7.52 ± 0.32 ^a)^\*11.17 ± 0.43 ^b)^Last8.67 ± 0.25 ^a)^7.49 ± 0.35 ^a)^\*IL-17RFirst4.94 ± 0.324.37 ± 0.15 ^a)^6.63 ± 0.46 ^b)^Last5.11 ± 0.284.10 ± 0.13 ^a)^IL-21First7.26 ± 0.78 ^a)^8.10 ± 0.249.53 ± 0.51 ^b)^Last8.41 ± 0.367.91 ± 0.21IFN-γFirst10.32 ± 0.38 ^a)^9.93 ± 0.27 ^a)^13.15 ± 0.43 ^b)^Last10.56 ± 0.61 ^a)^9.80 ± 0.38 ^a)^CCL3First8.13 ± 0.576.75 ± 0.318.23 ± 0.40Last8.23 ± 0.536.52 ± 0.28CCR5First5.09 ± 0.43 ^a)^4.97 ± 0.21 ^a)^7.84 ± 0.65 ^b)^Last5.20 ± 0.49 ^a)^4.94 ± 0.22 ^a)^Data are expressed as the mean ± SE (target gene mRNA/β-actin gene mRNA). Values denote relative expression of each parameters mRNA. Different letters indicate significant difference among groups (*P*\<0.05). *P* value means significant difference between two infected groups. shows the result of comparative levels of immune factors and counts of leukocytes among three groups. The mRNA levels of IL-17A, IFN-γ and CCR3 in the two groups with mycoplasma infection were significantly lower compared with the Control Group at both the First and Last days. Significantly higher mRNA levels of IL-17A were found in the Non-Recovery group compared with the Recovery Group at both days. The IL-17RA mRNA levels in the Recovery Group were significantly lower than those in the Control Group at both days. However, the differences in the other factors between the groups with mycoplasma infection were not significant, and neither group showed a significant difference compared with the Control Group (*P*\>0.05) ([Table 2](#tbl_002){ref-type="table"}). There were significant differences in leukocyte count among the Recovery Group (109.39 ± 7.00, 139.90 ± 9.16 × 10^2^/*µl*), the Non-Recovery Group (175.15 ± 34.26, 219.15 ± 51.36 × 10^2^/*µl*) and the Control Group (89.70 ± 8.34 × 10^2^/*µl*) at both the First and the Last days (respectively; *P*\<0.05). Lymphocyte count in the Recovery Group (34.31 ± 1.53, 34.46 ± 1.05 × 10^2^/*µl*) and the Non-Recovery Group (30.28 ± 2.68, 28.69 ± 1.92 × 10^2^/*µl*) were significantly lower compared with the Control Group (42.37 ± 3.01 × 10^2^/*µl*) at both sampling days (*P*\<0.05 for both days). But a significant difference in the numbers of lymphocytes and granulocytes was not found between two infected groups (data not shown).

Mycoplasma induces a broad range of immunomodulatory events by directly affecting on macrophages, neutrophils, and lymphocytes, and by indirectly affecting through induction of cytokine secretion from immune cells \[[@r16]\]. In the calves with experimental *M. bovis* respiratory infection, markedly increase in the blood IL-17A level was detected at 14 days after infection, but no significant difference of IL-17A at 7 days \[[@r1]\]. It was reported that the expression levels of IL17A and IFN-β in bronchoalveolar lavage fluid decreased in the severe *M. pneumoniae* pneumonia children comparing to healthy children \[[@r23]\]. Since *M. bovis* causes the downregulation of lymphocyte proliferative responses to various mitogens *in vitro* \[[@r19]\], *M. bovis* appears to directly suppress lymphocyte function. Vanden Bush \[[@r20]\] indicated that *M. bovis* induces apoptotic death of bovine lymphocytes. In experimental sheep nasally infected with *M. agalactiae*, a prolonged depletion of peripheral T lymphocytes was induced \[[@r14]\]. We found lower mRNA levels of IL-17A, IFN-γ and CCR5 and counts of lymphocyte in the two groups with *M. bovis* infection compared to those in the Control Group. Suppression of lymphocyte function might have lowered several cytokines mRNA expression in the calves with *M. bovis* infection. Previous study indicated that experimental lung infection of cattle with *M. bovis* resulted in a Th2-skewed immune response \[[@r21]\]. Kurata *et al.* \[[@r12]\] showed that both Transforming Growth Factor (TGF)-β and IL-10 were involved in the suppression of IL-17A production in mouse with *M. pneumoniae* antigens stimulation both *in vivo* and *in vitro*. On the other hand, CCR5 is predominantly expressed on T cells, as a receptor to mediate chemotactic activity \[[@r17]\]. This study observed the lower mRNA level of CCR5 in the two groups with mycoplasma infection. Since CCR5 is required for the Th1 cell-selective transmigration \[[@r11]\], it is possible that lower CCR5 decreased IFN-γ production by T cells in the calves with *M. bovis* infection. Therefore, the imbalance among Th1 cells, Th2 cells and Th17 cells might influence pathophysiological mechanisms or disease outcomes in *M. bovis* infection of calves.

This study observed a significant difference in IL-17A at the First day using the multiple regression analysis with no-effect of treatment as the dependent variable. Previous study indicated higher frequencies of Th17 cell percentage in PBMC and higher levels of serum IL-17 were detected in patients with refractory *M. pneumoniae* infections \[[@r7]\]. This study indicated no increase of TGF-β level and peripheral lymphocyte count in the patients with *M. pneumoniae* pneumonia, and we speculated that in imbalance of circulating effector subset of CD4^+^ T cells might be associated with the deterioration of pulmonary injury in patients with *M. pneumoniae* infections. Although IL-17A mRNA levels were lower in two infected groups compared with that in the Control Group in our present study, the imbalance among effector T cells might have influenced disease outcomes in mycoplasma infection of calves.

IL-17RA is expressed in leucocytes, epithelial cells or other cells \[[@r9]\]. Signaling downstream of IL-17RA mediates NF-κB activation, leading to the production of pro-inflammatory cytokines and chemokines \[[@r18]\]. It has been demonstrated in infectious models in which neutrophils are crucial for host defense, that IL-17RA deficiency results in reduced chemokine levels, reduced neutrophil numbers, and increased susceptibility to infection \[[@r3], [@r24]\]. Since a lack of IL-17RA expression was found in the affected child with chronic infections of *Candida albicans* and *Staphylococcus aureus* \[[@r5]\], they suggested that decrease in IL-17A and IL-17RA might imply a severe malfunction in the IL-17 signaling pathway, conferring susceptibility to refractory infections. Since binding IL-17RA to IL-17A is critical for host defense against extracellular planktonic bacteria \[[@r10]\], decrease in IL-17A and IL-17RA might result in the reduction immune response to bacteria. But its function and regulation have not been clarified in bovine, further study needs to clarify the decreased levels of IL-17A and IL-17RA in the calves with *M. bovis* infections.

In conclusion, the alteration of IL-17A in PBMC might have biased function in host immune response in the calves with mycoplasma infection in the present study. Since neutralization of IL-17A after infiltration of T cells into lungs reduced disease severity in mice experiment, IL-17A is identified as a pivotal pathological element of murine respiratory mycoplasma infection \[[@r15]\]. More layers of investigation are necessary to uncover the ways the adaptive immune system of T cell effector responses in the calves with mycoplasma.
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